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TYPE  REPORT:  Drosophila  melanogaster  Sex-Linked  Recessive 
Lethal  Test 

TESTING  FACILITY:  U.S.  Army  Medical  Research  and  Development 

Command 

Letterman  Army  Institute  of  Research 
Presidio  of  San  Francisco,  CA  94129-6800 

SPONSOR:  U.S.  Army  Medical  Research  and  Development  Command 

U.S.  Army  Biomedical  Research  and  Development 
Laboratory 

Fort  Detrick,  Frederick,  MD  21701-5010 
PROJECT/WORK  UNIT/APC:  3E16270A835/180/TLBO 
GLP  STUDY  NUMBER:  86001 

STUDY  DIRECTOR:  MAJ  Don  W.  Korte,  Jr.,  PhD,  MSC 

PRINCIPAL  INVESTIGATOR:  MAJ  Raj  K.  Gupta,  PhD,  MSC 

CO-PRINCIPAL  INVESTIGATOR:  SPC  Vilmar  0.  M.  Villa,  BS 

REPORT  AND  DATA  MANAGEMENT:  A  copy  of  the  final  report, 

study  protocol,  test  compound 
sample,  raw  data,  and 
appropriate  SOPs  will  be 
retained  in  the  LAIR  Archives. 

TEST  SUBSTANCE:  Nitrosoguanidine 

INCLUSIVE  STUDY  DATES:  1  May  1986  -  7  August  1987 

The  objective  of  this  study  was  to  evaluate 
the  mutagenic  potential  of  nitrosoguanidine 
in  the  Drosophila  melanogaster  Sex-Linked 
Recessive  Lethal  Test. 
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Mutagenic  Potential  of  Nit rosoguanidine  in  the 
Drosophila  melanogaster  Sex-Linked  Recessive  Lethal 

Test--Gupta  et  al. 


INTRODUCTION 

Nitrosoguanidine  is  a  potential  anaerobic  degradation 
product  of  nitroguanidine  (1),  a  primary  component  of  U.S. 
Army  triple-base  propellants,  and  is  now  produced  in  a 
Government-owned  contractor-operated  ammunition  plant.  The 
U.S.  Army  Biomedical  Research  and  Development  Laboratory 
(USABRDL) ,  as  part  of  its  mission  to  evaluate  the 
environmental  and  health  hazards  of  military-unique 
pollutants  generated  by  U.S.  Army  munitions-manufactur ing 
facilities,  conducted  a  review  of  the  nitroguanidine  data 
base  and  identified  significant  gaps  in  the  toxicity  data 
(2) .  The  Division  of  Toxicology,  LAIR,  was  tasked  by  USABRDL 
to  develop  a  genetic  and  mammalian  toxicity  profile  for 
nitroguanidine  and  related  intermediates/by-products  of  its 
manufacture,  and  its  environmental  degradation  products  such 
as  nitrosoguanidine.  This  study  evaluated  the  mutagenic 
potential  of  nitrosoguanidine  in  the  Drosophila  melanogaster 
Sex-Linked  Recessive  Lethal  (SLRL)  Test. 

Rationale  for  SLRL  Testing 

A  variety  of  tests  using  Drosophila  melanogaster  are 
available  for  the  detection  of  specific  types  of  genetic 
changes.  The  most  '■ensitive  assay  that  detects  the  broadest 
range  of  mutations  is  the  SLRL  test  (3-5) .  This  test  uses 
insects  of  a  known  genotype  and  detects  lethal  mutagenic 
changes  in  800  to  1000  loci  on  the  X-chromosome ,  representing 
80%  of  the  X-chromosome  or  20%  of  the  entire  genome  (6,7). 

The  SLRL  test  is  used  frequently  to  assess  the  mutagenic 
response  of  Drosophila  melanogaster  to  test  substances 
(3,5,6)  . 
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Genetic  Basis  of  the  SLRL  Test. 

The  genetic  basis  of  the  SLRL  test  is  that  the  X- 
chromosome  of  the  father  is  passed  on  to  the  daughter;  the 
sons  receive  their  X- chromosome  from  the  mother.  Therefore, 
the  recessive  lethal  mutations  located  on  the  X-chromosomes 
are  expressed  in  males  in  a  hemizygous  condition,  i.e.  the  Y- 
chromosome  does  not  contain  the  dominant,  wild-type  alleles 
to  suppress  the  manifestation  of  recessive  lethal  mutations. 

Consequently,  among  the  progeny  of  a  female  carrying  a 
recessive  lethal  mutation  on  one  of  her  X-chromosomes 
(heterozygous  for  a  recessive  lethal  mutation),  half  of  the 
male  progeny  die.  By  using  suitable  genetic  markers,  the 
class  of  males  carrying  the  mutated  X-chromosomes  of  treated 
grandfathers  can  be  determined  easily.  If  a  lethal  mutation 
were  induced,  this  class  would  be  missing  and  its  absence 
easily  scored.  The  SLRL  test  has  also  been  called  the  Base 
or  Muller-5  test  (7,8)  .  The  assay  system  must  use  strains  in 
which  crossing-over  in  females  is  prevented  since  transfer  of 
the  lethal  mutation  from  the  paternal  to  the  maternal  X- 
chromosome  by  genetic  recombination  would  suppress  its 
expression.  The  crossing-over  would  lead  to  erroneous  study 
results  because  males  receiving  that  X-chromosome  would 
survive.  Since  combinations  of  suitable  inversions 
effectively  inhibit  crossing-over,  females  used  for  the  SLRL 
test  carry  two  scute  inversions:  the  left-hand  part  of  scSl 
and  the  right-hand  part  of  sc8  covering  the  whole  X- 
chromosome  and  a  smaller  inversion  In-S  in  the  Base 
chromosome  ( 7 ) . 
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Description  of  Test 


The  SLRL  test  (9)  was  developed  in  1948  for  determining 
genetic  changes  that  kill  the  developing  individual  (egg  to 
pre-adult  stage)  in  the  hemizygous,  but  not  homozygous  or 
heterozygous,  conditions.  Such  genetic  changes,  i.e., 
recessive  lethal  mutations,  can  be  induced  on  all 
chromosomes.  Only  two  test  generations  are  needed  to  detect 
whether  sex-linked  recessive  lethal  mutations  have  been 
induced  on  the  X-chromosome.  In  the  test,  males  with  normal 
round  red  eyes  (Canton-S  (CS) )  whose  chromosomes  contain 
wild-type  alleles  are  exposed  to  nitrosoguanidine .  Such  an 
exposure  will  produce  a  recessive  lethal  mutation  if  the  X- 
chromosome  is  affected.  These  males  are  mated  to  homozygous 
Base  females.  The  Base  phenotype  is  characterized  by  bar 
(narrow-shaped)  eyes  which  are  apricot  in  color.  The  bar 
eyes  serve  as  a  genetic  marker  for  the  homozygous  and 
hemizygous  genotypes  since  in  the  heterozygous  expression  the 
eyes  are  kidney-shaped.  The  progeny  of  this  cross  (CS  males 
X  Base  females)  consists  of  females  heterozygous  for  the 
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osome,  characterized  by  kidney-shaped  red  eyes 
e  Base  phenotype  that  have  received  their  X- 
thei r  Base  mother.  Each  FI  female  possesses 
chromosome  which  was  exposed  to  the  test 
male  gamete.  FI  siblings  are  allowed  to 
uce  the  F 2  generation.  The  F2  generation  will 
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males  with  round  eyes.  If  this  class  is 
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essive  lethal  mutation.  Thus,  this  test 
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A  brooding  technique  was  used  to  sample  sperm  cells 
exposed  to  the  test  chemical  during  different  stages  of 
spermatogenesis  because  chemicals  often  exhibit  stage 
specific  mutagenicity.  Brooding  was  accomplished  by 
transferring  the  treated  males  to  vials  containing  fresh 
virgin  females  at  intervals  of  1,  4,  6,  and  8  days  after 
completion  of  the  dosing  period.  This  technique  assures  that 
the  four  broods  of  females  are  inseminated  with  sperm  exposed 
to  the  test  chemical  during  successive  stages  of  germ  cell 
development:  Brood  1  =  mature  sperm  (Days  1-3);  Brood  2  = 

primarily  spermatids  (Days  4-5) ;  Brood  3  =  primarily  meiotic 
stages  (Days  6-7);  and  Brood  4  --  primarily  spermatogonia 
(Days  8-10)  .  This  procedure  safeguards  against  the 
possibility  that  chemicals  with  more  pronounced  effects  in 
earlier  stages  of  spermatogenesis  are  not  dismissed 
erroneously  as  false  negatives. 


The  objective  of  this  study  was  to  evaluate  the 
mutagenic  potential  of  nitrosoguanidine  in  the  Drosophila 
melanogaster  Sex-Linked  Recessive  Lethal  Test. 


GUPTA  et  al.  —4 


MATERIALS  AND  METHODS 

Test  Substance 

Chemical  name:  Nitrosoguanidine 
CAS  Registry  #:  674-81-7 

Molecular  formula:  CH4N4O 

Other  test  substance  information  is  presented  in  Appendix  A. 
Vehicle 

The  solubility,  stability,  and  toxicity  of  a  number  of 
compounds  were  tested  to  determine  the  compounds'  suitability 
as  a  vehicle.  A  suspension  of  1%  carboxymethy 1-cel lulose  and 
1%  fructose  in  water  was  found  to  be  an  appropriate  vehicle 
for  the  nitrosoguanidine. 

Test  Model 

Insect  Genus  and  Species:  Drosophila  melanogas ter 

Strains:  Canton-S  (CS),  a  wild-type  stock,  characterized  by 

round  red  eyes,  was  selected  for  mutagenicity 
studies  because  it  has  shown  a  low  spontaneous 
mutation  frequency  (10) . 

Base,  a  laboratory  stock,  homozygous  in  females, 
possesses  bar-shaped,  apricot-colored  eyes  and 
scute  as  phenotypic  markers.  The  genetic 
designation  is  In  (1) scS1Lsc®rIN (1) S,  sc®,  sc®^waB. 

Both  strains  are  presently  being  reared  in  the  insectary 
at  Letterman  Army  Institute  of  Research.  The  original  stock 
colonies  were  obtained  from  the  Mid-American  Drosophila  Stock 
Center,  Bowling  Green  State  University,  Bowling  Green,  Ohio. 

Diet 

The  diet  was  the  standard  medium  consisting  of  cornmeal 
(NBCO  Chemicals) ,  unsulphured  molasses  (Ingredient  Technology 
Corp.),  yeast  (Nabisco  Brands,  Inc.),  and  nutrient  agar 
(Moorhead  &  Co.,  Inc.)  used  for  colony  rearing  of  Drosophila 
melanogaster .  A  materials  list  and  instructions  for  its 
preparation  are  contained  in  LAIR  SOP-OP-STX-5  "Drosophila 
Media  Preparation." 
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Ether  (J.  T.  Baker  Chemical  Co.)  anesthesia  was  used  to 
restrain  flies  being  collected  for  mating  and  for  general 
colony  maintenance. 

Idem. i£icat ion  System 

Each  CS  male  from  the  72-hour  LC50  exposure  (test, 
negative,  and  positive  control)  was  assigned  a  unique  number. 
This  number  was  also  placed  on  the  vial  in  which  its  progeny 
was  produced  (LAIR  S0P-0P-STX-8  "Sex-Linked  Recessive  Lethal 
( SLRL )  Drosophila  melanogaster  Mutagenicity  Test")  .  In  this 
manner  progeny  could  be  traced  back  to  the  parental  male 
which  had  been  subjected  to  the  test  compound  or  control 
vehicle . 

Storage  of  Raw  Data 

Tabular  data  from  this  study  (GLP  86001)  for  each  male 
are  in  the  archives  of  Letterman  Army  Institute  of  Research, 
Presidio  of  San  Francisco,  California. 

E.nY...i..r.Q.nirieatal  Conditio  as. 

All  studies  were  conducted  within  the  insectary  at  an 
average  temperature  of  23  ±  2°C  (range  21°  to  26°C) ,  relative 
humidity  of  57  ±  8%,  and  a  photoperiod  of  12  hours  light  and 
12  hours  dark.  All  insect  colonies  were  reared  in 
polypropylene  bottles,  and  those  used  in  the  SLRL  testing 
were  housed  in  glass  vials  (LAIR  SOP-OP-STX-6  "Drosophila 
Stock  Colony  Maintenance") . 

Dosing 

A  number  of  preliminary  studies  were  conducted  to  test 
potential  dosages  for  toxicity  to  flies  and  their  ability  to 
feed  and  digest  nit rosoguanidine  in  an  appropriate  medium.  A 
feeding  suspension  vehicle  of  1.0%  carboxymethyl-cellulose 
and  1%  fructose  in  deionized  water  was  selected  for  the 
study.  The  pH  of  all  the  stock  solutions  including  the 
negative  control  and  positive  controls  through  the  study 
ranged  from  6.7  to  8.8. 

Dosing  was  accomplished  in  compliance  with  LAIR  SOP-OP- 
STX-7  "Drosophila  melanogaster  Exposure  Procedures."  The  CS 
strain  (wild-type)  males  were  allowed  to  feed  on  250  JJ.1  of 
various  concentrations  of  the  test  chemical.  These  males 
formed  the  test  groups.  Concurrent  exposure  to  1% 
carboxymethyl-cellulose  and  1%  fructose  in  deionized  water 
was  designated  as  the  negative  control  group.  A  positive 
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control  group  was  exposed  to  a  1.0-mM  ethylmethane  sulfonate 
solution  formulated  with  1%  carboxymethyl-cellulose  and  1% 
fructose  in  water.  Ethylmethane  sulfonate  is  a  known  mutagen 
and  was  used  to  confirm  the  ability  of  the  test  organism  to 
produce  SLRL  mutations  (11) .  Dosing  was  continuous  for  72 
hours.  Flies  were  transferred  every  2  4  hours  to  vials 
containing  fresh  compound  suspensions.  The  concentrations 
used  for  the  LC50  determinations  were  5,  10,  15,  20,  and  50 
mg/ml  nitrosoguanidine .  The  LC50  determinations  were 
conducted  4  times,  once  for  each  replicate.  The 
concentration  for  each  replicate  that  produced  a  72-hour 
mortality  closest  to  50%  was  selected,  and  only  flies  raised 
on  this  concentration  were  used  in  the  subsequent  crosses. 


Test  Format 


The  CS  males  surviving  the  LC50  (approximate)  dose  of 
the  test  chemical  and  those  males  subjected  to  the  concurrent 
negative  controls  were  used  in  the  SLRL  test.  Twenty-five  CS 
male  (wild-type)  survivors  of  the  test  chemical  and  negative 
control  compound  were  scored  by  mating  to  Base  virgin  females 
(Base  chromosomes) .  This  procedure  was  accomplished  by 
placing  3  Base  virgin  females  in  a  vial  with  one  CS  male. 

The  vial  was  labeled  with  the  male's  unique  number.  At  days 
1,  4,  6,  and  8  after  dosing,  the  CS  male  was  transferred  to 
successive  groups  of  3  Base  virgin  females  in  vials  with  that 
male's  unique  number.  These  intervals  corresponded  to  broods 
1,  2,  3,  and  4.  This  procedure  was  replicated  4  times. 
Scoring  of  the  mutants  resulting  from  positive  control 
exposure  was  based  on  mating  5  CS  males  in  the  same  manner  as 
males  treated  with  the  test  compound.  This  procedure  was 
also  replicated  4  times.  After  sufficient  numbers  of  flies 
had  emerged,  a  maximum  of  25  (minimum  of  5)  kidney-shaped 
red-eyed  FI  females  were  selected  at  random  and  mated  with 
their  sibling  white-body,  bar-shaped,  apricot-eyed  males. 

Each  pair  was  placed  in  an  individual  vial,  and  these  vials 
from  the  same  uniquely  numbered  father  were  placed  together 
and  labeled  with  his  unique  number  for  reference.  After  2  to 
3  weeks  the  F2  progeny  were  examined  and  scored  for  the 
absence  of  round,  red-eyed  males,  which  would  indicate  that  a 
lethal  mutation  had  taken  place  in  the  treated  male. 
Confirmation  of  a  lethal  mutation  was  obtained  by  conducting 
an  F3  cross  from  each  vial  scored  as  a  lethal  mutation.  This 
was  accomplished  by  crossing  three  F2  females  (kidney-shaped 
red  eyes)  with  three  males  with  bar-shaped  white-apricot 
eyes,  in  three  separate  vials  (one  male  and  one  female  per 
vial) .  Absence  of  males  with  round,  red  eyes  in  the 
resulting  F3  generation  confirmed  the  existence  of  a 
recessive  lethal  mutation.  Experimental  conclusions  were 
based  on  the  spontaneous  mutation  frequency  (negative 
control)  compared  to  the  mutation  frequency  induced  by  the 
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test  chemical.  This  entire  procedure  was  replicated  4  times 
to  obtain  a  sufficiently  large  sample. 

Historical  Listing  of  Significant  Study  Events 

Appendix  B  is  a  historical  listing  of  significant  study 
events . 

Statistical  Analysis 

This  testing  was  designed  to  examine  approximately  2500 
X-chromosomes  in  each  of  4  replications,  thereby  yielding  a 
total  of  8000  to  10,000  X-chromosomes  for  examination.  Vials 
without  F2  progeny  or  fewer  than  5  progeny  (F2)  were  scored 
as  failures.  The  BMDP  (Biomedical  Programs)  computer  package 
was  used  to  perform  the  analyses  (12) .  Based  on  the  number 
of  lethal  and  nonlethal  offspring  for  each  male,  by  combining 
all  replicates,  the  mutation  frequency  of  nitrosoguanidine 
was  compared  to  that  of  the  control  by  Fisher's  exact  test 
for  each  of  the  four  broods  separately  and  for  the  combined 
broods.  All  statistical  tests  were  conducted  at  the  0.05 
level  of  significance. 

Deviations.  fx.om.-SQE/ErotQC.ol 

No  deviations  from  the  Standard  Operating  Procedures  and 
GLP  Protocol  86001  were  made  during  this  study. 

Use  of  dimethyl  sulfoxide  (DMSO)  as  a  solvent  was 
avoided  as  recommended  by  the  EPA  (13)  . 


RESULTS 

The  frequencies  of  spontaneous  mutation  for 
nitrosoguanidine  and  the  negative  control  were  0.049%  and 
0.050%  based  on  8204  and  8076  X-chromosomes,  respectively. 

The  mutation  frequencies  for  the  positive  control,  1-mM 
ethylmethane  sulfonate,  was  15.008%.  The  mutation 
frequencies  for  each  compound  are  presented  in  Table  1 .  The 
mutation  frequencies  for  each  brood  for  nitrosoguanidine  and 
the  negative  control  are  presented  in  Table  2.  No 
significant  difference  was  detected  between  the  mutation 
frequency  of  the  negative  control  and  the  nitrosoguanidine 
with  the  Fisher's  exact  test  (p  =  1.000).  Also,  no 
significant  differences  were  detected  between  the  negative 
control  and  the  nitrosoguanidine  for  the  data  of  broods  1,  2, 
3,  and  4  (Table  2) . 


Compound 

1 

2 

3 

4 

Total 

Mutations 

(Percent ) 

Mutations 

Nitrosoguanidine 

1/1299 

1/2077 

0/2406 

2/2422 

4/8204 

(0.049) 

Negative 

Control 

0/1470 

1/1758 

1/2422 

2/2426 

4/8076 

(0 . 050) 

Positive 

Control 

37/183 

58/235 

51/419 

44/429 

190/1266 

(15.008) 

*Data  are  recorded  as  number  of  SLRL  events/number  of  X- 
chromosomes  tested. 


Nitrosoguanidine :  25  male  Drosophila  melanogaster  flies  (CS 

strain)  formed  the  P  generation. 

Negative  Control:  25  male  Drosophila  melanogaster  flies  (CS 

strain)  formed  the  P  generation. 

Positive  Control:  5  male  Drosophila  melanogaster  flies 

formed  the  P  generation. 
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Table  2 


FISHER'S  EXACT  TEST  FOR  SIGNIFICANCE  OF  THE  DIFFERENCE 
BETWEEN  NITROSOGUANIDINE  AND  NEGATIVE  CONTROL  IN  SEX- 
LINKED  RECESSIVE  LETHAL  TEST 


Compound 

1 

Brood 

2 

Number 

3 

4 

Nitrosoguanidine 

3/2307 

0/2072 

1/1999 

0/1826 

Negative  Control 

3/2392 

1/2052 

0/1908 

0/1724 

Positive  Controls 

70/376 

56/374 

46/291 

18/225 

p  values 

1.0000 

0.4977 

1.0000 

— 

Nitrosoguanidine :  Nitrosoguanidine  was  suspended  in  a  1% 

carboxymethyl-cellulose  and  1%  fructose 
solution  in  deionized  H2O.  Data  are 
from  25  male  Drosophila  melanogaster 
flies  (CS  strain)  x  4  replicates  mated 
with  3  Base  strain  female  flies  each. 

Negative  Control:  1%  carboxymethyl-cellulose  and  1% 

fructose  in  deionized  water.  Data  are 
from  25  Drosophila  melanogaster  flies 
(CS  strain)  x  4  replicates  mated  with  3 
Base  females  each. 

Positive  Control:  1.0  mM  ethylmethane  sulfonate  in  1% 

carboxymethyl-cellulose  and  1% 
fructose  in  deionized  H2O.  Data  are 
from  5  male  Drosophila  melanogaster  flies 
(CS  strain)  x  4  replicates  mated  with  3 
Base  females  each. 
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DISCUSSION 

Recessive  lethals  are  widely  considered  to  be  one  of  the 
most  sensitive  indicator  of  genetic  alteration  in  Drosophila 
melanogaster .  The  results  of  this  study  indicate  that 
nitrosoguanidine  is  not  mutagenic  when  evaluated  in  the  SLRL 
test  in  in  vivo  model  for  point  mutations.  These  findings 
also  confirm  previous  studies  from  this  laboratory  that 
indicated  nitrosoguanidine  was  not  mutagenic  when  evaluated 
in  the  Ames  Salmonella/ Mammalian  Microsome  Assay  (14) . 

CONCLUSION 

The  results  of  this  study  indicate  that  nitrosoguanidine 
is  not  mutagenic  when  evaluated  in  the  Drosophila 
melanogaster  sex-linked  recessive  lethal  test. 
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Appendix  A:  CHEMICAL  DATA 


Chemical  Name:  Nit  rosogu anidine 
Chemical  Abstracts  service  Reuistry  No.: 
Lot  Number:  WCC-2-002 
LAIR  Code:  TP4  8 
Chemical  Structure: 


N  =  0 

/ 

N 


H2N  — 


II 

C — nh2 


Molecular  Formula:  CH4N4O 
Molecular  Weight:  88 
Physical  State:  Yellow  powder 
Analytical  Data: 

Nit rosoguanidine  was  analyzed  by  HPLC  using 
conditions  similar  to  those  employed  by  Burrows  et  al.-* 
Conditions  were  as  follows:  column,  Brownlee  RP-13  (4.6 
mm  x  25  cm);  mobile  phase,  water;  flow-rate,  0.8  ml /min. 
The  effluent  was  monitored  at  255  nm.  The  retention 
times  for  nitrosoguan idine  and  nitroguanidine  were  4.4 
and  6  min,  respectively.  The  HPLC  data  demonstrated 
that  the  nitrosoguanidine  contained  approximately  2.51 
nitroguanidine . 2  IR  (KBr)  3373,  3096,  1690,  1649,  1508, 

1341,  1266,  1134,  1088,  1035,  690,  668 
cm-1  .  3 


^Burrows  EP,  Brueggeman  EE,  Hoke  SH .  Chromatograph ic 
trace  analysis  of  guanidine,  substituted  guanidines  and 
s-triazin.es  in  water.  J  Chromatogr  1984;  16:494-8. 
^Wheeler  CR.  Nitrocellulose-M Ltroguanidi ne  Projects. 
Laboratory  Notebook  #84-05-010.3,  p  37.  Lettorman  Army 
Institute  of  Research,  Presidio  of  San  Francisco,  CA. 
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Appendix  A  (Contd.):  CHEMICAL  DATA 


f ; LuL i 1 : ty : 

A  sat.ut vit.’d  fiat icr.  of  r.i  rroscguanidine  in  water 
Weis  prepared  at  room  temperature.  A  1 : 50  G  dilution  of 
this  sole’  ior.  produced  or.  absorbance  of  G.533  units. 
lU  ;  an  :  notion  •  ■ ' :  !  :  oinnt  if  1  3,  305  i. /moles  •  cm, 
concent :  ,;f  ion  c:  nit  r  osoguanidine  in  the  original 
:■  u rated  solution  was  calculated  to  be  1.76  mg /ml .  4 

■  *  nb ;  .  1 1.  y  : 

Stable  for  at  least  4  hours  in  aqueous  solution 
i pH  7.3)  at  37°C.5 

Source :  Alan  Rose nc ranee 

U . 5 .  Army  Medical  Bioengineering  Research 
and  Development  Laboratory 
Port  Detrick,  Maryland 


‘‘Wheeler  CR.  Nitrocellulose-Nitroguanidine  Projects. 
Laboratory  Notebook  #85-01-006,  p  66.  Letterman  Army 
Institute  of  Research,  Presidio  of  San  Francisco,  CA. 
-r’W'heeier  CR.  Nitrocellulose-Nitroguanidine  Projects. 
Laboratory  Notebook  #84-05-010.3,  p  46.  Letterman  Army 
Institute  of  Research,  Presidio  of  San  Francisco,  CA . 
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Appendix  B.  HISTORICAL  LISTING  OF  SIGNIFICANT  EVENTS 


)•  '7 0  ^ 


3  June  1983 

-  6  June  1986 

Begin 

Rep  1 i cate 

(Run 

62 ) 

2  Dec  1986 

-  5  Dec  1987 

Begin 

Reel i cate 

2 

dun 

63) 

16  March  19 

87  -  13  March  1937 

Begin 

Reel icate 

3 

(Run 

(A) 

3  June  1987 

-  11  June  1987 

Begin 

Re:  licar.-> 

4 

(Run 

65) 
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